To avoid or mitigate potential project-related adverse health effects, the Trident copper project in Kalumbila, northwestern Zambia, commissioned a health impact assessment. HIV was identified a priority health issue based on the local vulnerability to HIV transmission and experience from other mining projects in Africa. Hence, an HIV/AIDS management plan was developed, including community and workplace interventions, with HIV testing and counselling (HTC) being one of the key components. We present trends in HTC data over a 4-year period.
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Background
Extractive sector projects are central for development and economic growth in many low-and middle-income countries [1] . While these projects usually consider potential environmental and social impacts as part of the permitting process, a specific focus on health is often lacking [2] [3] [4] [5] . Yet, in tropical countries with high burden of disease, potential health impacts of development projects are a concern [1, 6] . Indeed, there is growing evidence that project developments often cause a broad range of adverse health effects, such as high incidence rates of sexually transmitted infections, pollution of drinking water or elevated transmission of vector-borne diseases [7] [8] [9] . In response to these concerns, the health impact assessment (HIA) is the recommended decisionsupport tool to anticipate and proactively manage project-related health impacts [10] [11] [12] . However, there is absence of policy or regulatory capacity in many lowand middle-income countries that require HIA for private sector projects [5] .
This holds true for Zambia, which does not have a legislative requirement to assess potential health impacts of infrastructure projects, despite its longstanding history of small-and large-scale mining and associated adverse effects on human wellbeing [5, 13] . For example, the Copperbelt provincethe centre of Zambia's copper mining industryrecorded the highest provincial HIV prevalence in the 2014 Demographic and Health Survey (DHS; 18.2%) compared to 13.3% nationally [14] . Social and economic contexts associated with mining, such as in-migration of mostly young adult males or transactional sex, are believed to have contributed to the high rates of HIV in mining areas, including adjacent villages and along transport corridors [14] [15] [16] [17] . To address HIV in this context, the United Nations Development Programme presented an approach of integrating HIV and gender-related issues into the impact assessment process [18] .
The Trident greenfield copper project, located in the Northwestern province of Zambia, operated by First Quantum Minerals Limited (FQML), commissioned an HIA as part of the feasibility studies (2008) (2009) (2010) (2011) (2012) [19] . In the HIA scoping phase, secondary data (routine health information system data), qualitative data (obtained from community focus group discussions and key informant interviews with health staff ) and quantitative data from a cross-sectional baseline health survey were employed [20] [21] [22] . Potential health impacts were predicted using a standardised, semi-quantitative risk assessment tool [23] . The transmission of sexually transmitted infections, including HIV/AIDS, was identified as a priority, given the existing community health risks in project-affected communities and precedence in other mining areas [24] . Qualitative data obtained in the frame of the HIA scoping study showed that the local communities are vulnerable to sexually transmitted infections for a number of reasons. First, the low estimated baseline prevalence rate of sexually transmitted infections might rapidly change in face of in-migration from highprevalence areas. Second, the relatively high socioeconomic vulnerability could encourage women to engage in transactional sex. Third, at the onset of the project, there was little exposure to preventive interventions. Fourth, the available data suggested inequities in access to health care. Fifth, the use of condoms was low, coupled with women's weak negotiating power. Finally, we noted high stigma associated with sexually transmitted diseases, particularly HIV [21] . Hence, as a result of the HIA, the Trident project, in partnership with the Solwezi district health management team, initiated an HIV intervention package. Figure 1 outlines the interventions in both the community and the workforce. Health promotion activities, such as peer education, radio programmes, information, education and communication (IEC) and empowerment campaigns in communities and schools, were implemented. HIV testing and counselling (HTC) was the key feature of the programme, which was offered in communities through specific outreach activities and in the workplace on a continuous basis at various service points. Care and treatment enrolment rounded up the intervention package. The interventions were adapted to the local context and were implemented right from the onset of the mine development.
Here, we present the approaches and outcomes of the community-and workforce-based HTC implemented in this particular copper mining setting over a 4-year period. The objectives of reporting these data are (i) to present HTC uptake and HIV positivity rate over a 4year period in the workforce and communities affected by a large mining project in sub-Saharan Africa; (ii) to provide supplementary data for national HIV surveillance; and (iii) to provide a publicly available good practice example of HIA and associated health risk mitigation and monitoring. Experience and lessons of HIA in anticipating and managing risks associated with HIV are discussed.
Methods

Study area
The Trident project is located in a rural area in Solwezi district, approximately 150 km northwest of Solwezi, the provincial capital ( Fig. 2) [19]. The mine development transformed the local environment (e.g. open pit mine, damming of rivers and construction of new roads), caused population movements (e.g. resettlement and in-migration) and a shift of local occupational activities [25] [26] [27] .
Study design and study population
The HTC was offered in communities as mobile outreach activities. Hence, each community visit represents a cross-sectional sample. For analysis, results were pooled over 1-year periods and stratified by community.
In 2012, the HTC programme was launched in six communities and gradually expanded to cover as many as 13 communities by 2015 ( Fig. 2 ). For the workforce, HTC was offered continuously at various service points that were readily accessible by mine workers (e.g. work-based health facility, bus stops and canteens). Both community members and workers were offered HTC through a voluntary walk-in concept without any selection or randomisation process being applied. [28] .
Data recording and statistical analysis
A standardised form was completed for each participant, including basic demographic information, residential location, occupation, reason prompting the test, any previous tests and test result. The form contained no identifying features other than a unique number linked to a register that was stored securely. Data were entered into EpiData version 1.4.4 (EpiData Association; Odense, Denmark) and analysed in Stata version 13 (StataCorp LP; College Station, USA). Descriptive analysis and multivariate logistic regression were performed to obtain HIV positivity rates and odds ratio (OR) statistics, including 95% confidence intervals (CIs). Gender, age, marital status, year and type of tester (first-time or repeat) were adjusted for in the regression model as they are either known determinants of HIV infection or included in order to identify higher risk groups [14] .
Ethical considerations
Pre-test counselling and written informed consent were obtained from all participants prior to the collection of a capillary blood sample to test for HIV. Post-test counselling was performed for all positive and negative results, with participants who tested HIV positive managed in accordance with the Zambian National AIDS Strategic Framework 2011-2015, including referral for registration, determination of CD4 count and enrolment in care and treatment programmes [28] . Cases enrolled for care and treatment in the workforce or their dependents were followed up at the workplace health facility [28] .
Results
HTC uptake
HTC uptake is derived from the study population size. In the community, a total of 11,638 individuals, aged 15-49 years, have tested for HIV between 2012 and 2015. Invalid records (e.g. being out of the age range analysed here) were excluded. Background characteristics of the study population per year are shown in Table 1 .
The majority of testers in the communities were female (>58% in all four years), married or in a long-term relationship (>57% in all four years) and about half (range 48.7-56.5% over the four years) were from the youngest age group (15-24 years) .
For the workforce, data were available from 2013 to 2015 with an overall study population of 5564 workers (aged 15-49 years). More than 90% of the participants were males, reflecting the typical gender ratio in mining sites ( Table 1 ). The average age was around 31 years with about half of the participants (range 48.2-53.7%) in the 25-34 year-old age group.
The uptake of HTC in the general community and the workforce, stratified per year, is illustrated in Fig. 3a and 3b, including a differentiation between first-time and repeat testers. The number of community participants increased from 2012 to 2013, decreased in 2014 and was highest, both in males and females, in 2015. Two-thirds of HTC users were repeat testers in 2012 and 2013. This proportion increased to 75% in 2014 and 2015 (Table 1) .
In the workforce, uptake continuously increased in males and females. The proportion of first-time testers was comparable in 2013 and 2014 at around 40%. It decreased markedly to 11.8% in 2015.
In both the community and the workforce sample, the main reasons to test were 'just to know' and 'just to make sure' , as stated by >90% of males and females ( Table 2 ). Few individuals stated other reasons, such as 'feeling sick' or 'worried about partner behaviour.
HIV positivity rate
In the community sample, the overall HIV positivity rate was slightly higher in 2014 and 2015 (3.4% in both years) than the previous years (3.0% in 2012 and 3.3% in 2013; Fig. 4 ). As shown by logistic regression in Table 3 , there was no significant change over time. It needs to be noted that samples of individual years are not independent due to potential repeat testers (although not all repeat testers necessarily tested more than once in the HTC offered by FQML), leading to too narrow CI estimates. The HIV positivity rate in females was consistently higher than in males. Overall, females had twice the odds of being tested positive for HIV than males (OR = 1.96, 95% CI: 1.55-2.50). No significant difference was found in the positivity rate between first-time (3.3%) and repeat testers (3.3%). The ORs of testing positive were significantly higher in the older age groups (i.e. 25-34 and 35-49 years), compared to the youngest age group (15-24 years) . Their ORs to test positive were 2.61 (95% CI: 2.00-3.40) and 4.50 (95% CI: 3.43-5.90), respectively (Table 3) .
Trends in the HIV positivity rate, stratified by communities over the 4-year period, are shown in Table 4 . In 2015, HIV positivity rates were highest in the communities of Northern Resettlement (5.1%), followed by Chisasa (5.0%) and Kanzanji (4.8%).
In the workforce, the HIV positivity rate in males was 5.3% in 2013, 3.1% in 2014 and 4.2% in 2015 ( Fig. 4c ). An upward trend was observed in the positivity rate in females: one out of 31 (3.2%) women tested positive in 2013; 11 out of 99 (11.1%) in 2014 and 12 out of 146 (8.2%) in 2015. Similar to the community sample, females had almost three times higher odds of a positive HIV test (OR = 2.90, 95% CI: 1.74-4.84; Table 3 ). Across all years, first-time testers in the workforce sample had a significantly higher HIV positivity rate than repeat testers (5.0% vs. 4.0%, OR = 1.48, 95% CI: 1.08-2.03). The HIV positivity rate was strongly dependent on the age of workers, as those aged 35-49 years had an almost 5 times higher odds of a positive test compared to the youngest age group (OR = 4.95, 95% CI: 2.94-8.32).
Discussion
The findings from HTC from 2012 to 2015 offered in the Trident project mining area suggest a growing trend of HTC uptake, an insignificantly higher HIV positivity rate in 2014/2015 compared to earlier years (2012 and 2013) in the general community and a insignificantly lower rate in the workplace population in 2015 (4.4%) compared to 2013 (5.2%).
HTC uptake
HTC is one of the key strategies for HIV control but to date, most people in low-and middle-income countries still do not know their HIV status [29, 30] . In Zambia, HTC uptake is promoted at different venues, including facility-, community-and workplace-based HTC [28, 31] . As was previously found in rural communities with weak health infrastructure and HIV programming, the provision of community-based HTC in the 13 communities supported the uptake of HIV testing [32] [33] [34] . Since the HTC described here is provider-driven, this can be partly attributed to the extension of activities into newly visited communities and the up-scaling of activities in previously visited communities and partly to an increased demand. In two repeated cross-sectional surveys in seven projectimpacted communities, it was found that the proportion of females who have ever performed an HIV test increased from 76.6% in 2011 to 86.1% in 2015 [20, 27] . At the workplace, uptake augmented uniformly every year. [35, 36] . In 2015, Solwezi district had by far the highest uptake of HTC, accounting for 55% of the total of 56,902 HTC users in Northwestern province [37] . In both the workplace and community study populations, the proportion of repeat testers increased over time, as in other HTC studies, suggesting an effective programme [34, 38] .
HIV positivity rate
The HIV positivity rate measured through communitybased HTC was slightly higher in 2015 (3.4%) than in 2012 (3.0%). This is lower than prevalences measured during the 2013-2014 DHS in Northwestern province in the same age group (6.4%), although comparability with the non-random estimates presented here is limited [14, 39, 40] . Hence, these observations must be interpreted against the following background. First, there is a presumably lower HIV prevalence in the rural study area pre-project, as compared to other areas in the province (e.g. urban centres or mining towns) [14] . Second, the highest HIV prevalence during the DHS was observed in mining towns [17, 41] . Third, we noted targeted HIV management in the study area, in face of potential exclusion of high prevalence groups. Importantly, HTC in our setting was provider-rather than demand-driven, which might explain some of the observed differences over time and space. The highest HIV positivity rates in 2015 were recorded in Northern Resettlement and Chisasa (5.1% and 5.0%, respectively). These communities are dynamic, with extensive in-and out-migration. Northern Resettlement has attracted job-seeking migrants with a high proportion currently employed (in July 2015, 76.5% of households had at least one member employed by the project). This has led to relative wealth in the community compared to the surrounding rural areas. Chisasa is the main urban settlement outside of the project area and has received the bulk of migrants, with a cross-sectional health survey conducted in mid-2015 reporting that 68% of respondents were resident for less than 5 years [15] . Moreover, Chisasa reported the highest rates of multiple sex partners and transactional sex in the 12 months before the said survey [17] . Data from this study, together with other social and health data, support the identification of hotspot communities and the timely design of preventive measures tailored in response to the needs of these communities.
The overall HIV positivity rate in the workforce was consistently 1-2% above the rate observed in the communities. The effect of labour migration from areas of high HIV prevalence on the observed HIV positivity rates is difficult to assess as participants' migration history was not inquired prior to 2016 [16, 40] . In 2015, 9.7% of people aged 15 years and above were tested positive for HIV during HTC in Solwezi district [37] . These data mainly stem from mining towns, such as Solwezi. Hence, the higher HIV positivity rate in the workforce might be explained by the higher HIV prevalence Samples of individual years are non-independent due to repeat testers (although not all repeat testers necessarily tested more than once in the HTC offered by FQML) leading to a too narrow CI estimate observed in these labour-sending areas [16, 37] . Whilst the observed trends in HIV positivity rates have not shown significant increases as seen in other mining areas in Africa, rigorous surveillance is warranted to rapidly pick up changing patterns and high-risk groups [42, 43] . Our reported HIV positivity rate data do not shed full light on the true prevalence or incidence. Nevertheless, our data may serve as a benchmark for surveillance in this population affected by a large mining project complementary to other data sources, such as the Zambia national sentinel surveillance system and populationbased prevalence surveys [14, 44] .
Experience from HIA
Ending the AIDS epidemic by 2030 is a declared goal in the Sustainable Development Goals (SDGs) era [45] . According to the SDGs agenda, health-related targets are to be considered in developments across all sectors [46] . The HIA provides a means to monitor health and determinants of health indicators and therefore accountability towards the general public, whilst at the same time creating inter-sectoral collaboration and strengthening public-private partnerships. For the Trident project, the HIA guided, through the identification of socioeconomic and environmental determinants of health, the HIV management plan, which was readily adapted to the specific context and supported the Zambian HTC implementation plan, while at the same time mitigating project-related risks [31] . According to experience by project decision-makers, the implementation of the HIV management plan was further promoted through: (i) the continuous support of the HIA by public health professionals; (ii) the close collaboration with the Ministry of Health at national and local level; (iii) adequate and skilled human resources to implement the interventions; (iv) the resident model, i.e. national migrant and expatriate workers reside with their families in the area, as opposed to the rotational model with frequent travel into and out of the area; (v) the consistency of funding and management support from FQML; and, importantly (vi) the partnership and support from traditional authorities and local communities.
Limitations
First, the data presented here stem from HTC offered on a voluntary basis (i.e. walk-in mobile clinics). Hence, our approach was provider-rather than demand-driven, which might lead to under-or over-representation of particular population groups. Second, community members and workers may use alternative facilities for HTC or test more than once, and hence, the reported HTC uptake and HIV positivity rate might be slightly underor overestimated. Third, our data do not allow distinguishing between first-time or repeat testers offered by FQML or elsewhere. Due to repeat testers within the FQML HTC, the samples of individual years are nonindependent, leading to too narrow CI estimates. Of note, in the Additional file 2, we show HIV positivity rates and CI for first-time testers only. Finally, the HIV positivity rate data in both study populations presented are monitoring trends but caution is warranted when relying on these for estimation of prevalence or detection of sudden changes in transmission, due to the time lag between exposure and testing date and the extent of non-testers.
Conclusions
Between 2012 and 2015, HTC uptake increased five-fold in the community and almost three-fold in the workforce study populations in the Trident project area in Zambia, whilst the HIV positivity rates was insignificantly higher in 2015 compared to 2012. In the current mining setting, the HIA triggered the continued collection of data which can be used along with other surveillance data sources in tracking HIV trends. There are few examples in the public domain on how HIV/AIDS and other health issues are addressed within an evidencebased impact assessment process for mining or other large-scale projects in sub-Saharan Africa [22, 47, 48] . Good practice case studies on how HIA and associated health monitoring can benefit communities, the host government and projects are needed to increase its visibility and underpin the importance of institutionalizing HIA at the national level in low-and middle-income countries [5, 18] . The current study has several strengths. First, it allows to transparently communicate trends in HTC uptake and HIV positivity rate in the copper mine project area with the public. Second, hotspot-communities that need to be intensively targeted with preventive interventions could be identified. The research effort can serve as a good practice example of HIA and inter-sector collaboration, as advocated by the 2030 SDGs agenda. 
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